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ABSTRACT: Tape has traditionally been used to support the
ankle during activity. More recently, commercial ankle braces
have been worn as an alternative. The cumulative information
on the effects of taped versus braced ankle support or inter-
brace comparisons is inconclusive. With few exceptions, ankle
brace studies have collected data soon after support condi-
tions were administered. Plantar-dorsiflexion and inversion-
eversion ranges of motion (ROM) of 30 subjects were com-
pared under conditions of unsupported, nonelastic adhesive-
taped, and Swede-O and SubTalar Support-braced ankles. We
recorded measurements before activity and after periods of 15,
30, 45, and 60 minutes of selected activity on a motorized
treadmill. All support conditions significantly reduced preactiv-
ity ROM in all directions compared to unsupported ankles.
Results showed that the ankle significantly increased in plan-

tarflexion ROM 15 minutes after the initiation of activity with
tape or the SubTalar Support-brace, and after 30 minutes with
the Swede-O brace. Tape showed further significant increases
in plantarflexion ROM after 15-minute intervals of 30, 45, and
60 minutes of activity. All three support conditions had in-
creased significantly in inversion ROM by 15 minutes of activity.
The SubTalar Support brace showed a further significant inver-
sion ROM increase between 15 and 30 minutes postactivity.
We conclude that the Swede-O and SubTalar Support braces
and tape offer significant preactivity ankle support in all four
directions of movement. We also conclude that both braces
offer longer postactivity support than tape. In inversion ROM
and plantarflexion ROM, actions prevalent in ankle sprains, the
Swede-O brace retained support longer than the SubTalar
Support brace.

sprain,” particularly the inversion type.>’> Over the

years, clinicians have attempted to reduce the incidence
of ankle trauma by affixing supportive devices to this area.
Various techniques have included the use of a cloth ankle
wrap, combinations of elastic and nonelastic tape, and, most
frequently, nonelastic adhesive tape. Although several studies
have shown that tape offered significant support 10 to 30
minutes into activity,'"*®?>%32 others have reported signifi-
cant taped support reductions of 40% to 50% within 5 to 20
minutes of activity.>2%-2427-31

A general decrease in ankle ranges of motion (ROM) has
been observed as stiffness of medial and lateral shoe inserts
increased.?’ Hughes and Stetts' found that both thermoplastic
guards and tape retained significant postexercise inversion
support. -In recent years, experimental supports have been
refined into commercial ankle braces that often have been worn
as an alternative to tape.

The cumulative information on the effects of taped versus
braced ankle support or interbrace comparisons is inconclu-
sive. With few exceptions, investigators have collected data
soon after support conditions were administered. Therefore, the
purpose of this study was to examine the effects of nonelastic
adhesive ankle tape and commercial ankle braces on ankle
ranges of motion (support) after periods of 15, 30, 45, and 60
minutes of selected activity.

The most common injury seen in sports is the ankle
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METHODOLOGY

We randomly selected 30 volunteer male undergraduate stu-
dents from the Department of Exercise Science at Concordia
University, Montreal, for this ROM study. Their ages ranged from
19 to 35 years with a mean age of 22 * 3.3 years. Only subjects
who had not experienced ankle pathology within 6 months before
testing were included. Footwear was standardized to eliminate
extraneous support variables. All subjects wore the AVIA 2060
MZ running shoe (AVIA (Canada) Athletic Footwear Co, Burl-
ington, Ontario, Canada). Shoe sizes, from which brace sizes were
extrapolated, ranged from 7 to 12.

We recorded ROM measurements on a modified Inman
Ankle machine as shown in Figure 1.!* The design of our
machine replicated that of the original with the exception of
aluminum being substituted for wood structures from the first
model. With the subject lying supine, the thigh and leg were
stabilized with the knee and hip joints each at 90°. The
subject’s foot was placed into the Inman footplate and stabi-
lized in a position of dorsi-plantarflexion and inversion-
eversion (assumed) neutrals. These positions were calibrated at
0°. With neutral retained on one axis (ie, neutral dorsi-
plantarflexion on the coronal axis), passive ROM was recorded
on the sagittal axis in both inversion and eversion. We
instructed each subject to relax his lower limb, after which a
weight with a mass of 9 kg passively rotated the foot by a
pulley system to the end range in each direction. We followed
a similar protocol for plantarflexion and dorsiflexion measure-
ments with the sagittal axis locked in neutral.

Rotation was converted to a degree rating from precision
potentiometers positioned at the axes of the Inman machine.
End ROMs were read from an LCD (liquid crystal display)
once movement had been stabilized.
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Fig 1. Modified Inman ankle machine.

We introduced activity sessions to simulate sports activity
that would stress the various ankle support conditions. In each
session, the subject speed-walked on a treadmill inclined at 9°
at a speed of 3 mph for 10 minutes. Treadmill walk time and
actions were broken down as follows: forward, 2 minutes; left
facing crossover (carioca) strides, 3 minutes; right facing
crossover strides, 3 minutes; and, forward, 2 minutes. We
repeatedly instructed subjects to take maximum forward or side
strides, and to maintain foot contact with the treadmill for as
long as possible. We added 5 minutes of activity time after
completion of treadmill activity to reseat the subject comfort-
ably on the Inman ankle machine, and for ankle adjustment
setup for retesting. Therefore, a total of 15 minutes was allotted
to each activity session. Each subject performed the activity
session four times under each support condition.

Control ROM measurements were recorded before any ankle
treatment condition was applied. The order of support condi-
tion for the Swede-O, SubTalar Support, and taped trials was
randomly selected. The braces were put on according to the
manufacturers’ specifications over an athletic sock. For the
taped condition, the subjects’ ankles were shaved to 6 inches
above the malleoli and a coating of tape adherent was then
sprayed on the skin to minimize slippage. Antifriction heel and
lace pads with skin lubricant and underwrap were then applied
before first quality 1-1/2-inch nonelastic adhesive athletic
tape. We used the Gibney Closed Basketweave ankle taping
method as described in Arnheim.? Proximal and distal anchor
strips were attached to the underwrap but allowed to overlap
directly onto the shaved skin to prevent slippage. Modifica-
tions included two extra half stirrups to afford the rearfoot
more support in valgus (calcaneal eversion). The same athletic
trainer administered the taping technique bilaterally to control
for individual variations.

Although support conditions were put on bilaterally for
symmetry during activity sessions, we tested only the dominant

foot. We recorded a second series of ROM measurements at
this time (0 minutes). Subsequent data were taken for each
subject after each treadmill activity session at 15, 30, 45, and
60 minutes. We tested all subjects under each of the following
conditions: unsupported, nonelastic adhesive taped, Swede-O
braced (Fig 2; Swede-O-Universal, North Branch, MN) and
SubTalar Support-braced ankles (Fig 3; Sport-Mate Services
Ltd, Mississauga, Ontario, Canada).

Four two-way 4 X 2 (brace type vs condition of brace on or
off) analyses were used to identify the effect of the braces on
the ROM before exercise on each of the above variables. The
General Linear Model®® of the SAS Institute Inc statistical
procedure was used on a two-way design (brace type vs
duration of exercise) with repeated measures on the second
factor. We conducted four separate two-way analyses, one for
each dependent variable: ankle inversion and eversion on the
frontal plane, and ankle plantarflexion and dorsiflexion on the
sagittal plane. Percentage values of the maximum unsupported
ranges of motion were used to normalize the data for individual
differences. Significant main effects and interactions were
further analyzed by the Tukey Honestly Significant Difference
Test.

RESULTS

Table 1 shows mean ankle ROM and standard deviations for
inversion and eversion under the three support conditions
(Swede-O, SubTalar Support, and tape) over various durations
of activity. Unsupported and preactivity supported ankle
ROMs and standard deviations are also shown.

There were significant differences in inversion and eversion
support over activity times (Table 2). Significant reductions in
ankle inversion ROM were found between unsupported ankles
and preactivity (0 minutes) support conditions of Swede-O and
SubTalar Support braces and tape (F(1,29) = 182, p < .001).
Conversely, postactivity inversion ROM increased signifi-
cantly under all three support conditions between 0 minutes
and 15 minutes. Inversion ROM showed a further significant
postactivity increase with the SubTalar Support brace between
the 15 and 30 minute intervals (F(1,29) = 13.4, p = .001).
Swede-O and SubTalar Support braces and tape significantly
restricted preactivity (0 minutes) eversion ROM compared to
unsupported ankles (F(1,29) = 228, p < .001). Eversion ROM
of taped ankles was shown to significantly increase after 15
minutes of activity (F(1,29) = 22.8, p < .001), whereas those
Swede-O braced did not show a significant eversion ROM
increase until after 60 minutes (F(1,29) = 18.3, p < .001).

Fig 2. Swede-O Universal ankle brace.
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Fig 3. SubTalar Support ankle brace.

SubTalar Support-braced ankles did not gain significantly in
postactivity eversion ROM.

Table 1 shows mean ankle ROMs and standard deviations
for plantar and dorsiflexion under the three support conditions
(Swede-O, SubTalar Support, and tape) over various durations
of activity. Also shown are unsupported and preactivity (0
minutes) supported ankle ROMs and standard deviations on the
sagittal plane. Significant differences were found in plantar and
dorsiflexion support over activity times (Table 2). Our results
indicated significant restriction of plantarflexion ROM be-
tween unsupported ankles and preactivity (0 minutes) Swede-O
and SubTalar Support brace and tape supported ankles (F(1,
29) = 566, p < .001). However, we observed that the SubTalar
Support braced and taped ankles significantly increased in
plantarflexion ROM after 15 minutes postactivity. Taped
ankles showed further significant increases in plantarflexion
ROM after respective 15-minute intervals at 30, 45, and 60
minutes postactivity. An initial significant increase in plantar-
flexion ROM of Swede-O braced ankles was recorded at 30
minutes postactivity (F(1,29) = 10.0, p = .004).

We reported significant reductions in ankle dorsiflexion
ranges of motion between unsupported and supported ankles
with the Swede-O and SubTalar Support braces and tape
preactivity (0 minutes) (F(1,29) = 32.7, p < .001). Taped
ankles significantly increased in dorsiflexion ranges of motion
after 45 minutes postactivity (F(1,29) = 8.4, p = .007),
whereas both the Swede-O and SubTalar Support-braced
ankles did not appear to significantly increase in postactivity
dorsiflexion ranges of motion.

DISCUSSION

Several studies comparing the pre- and post-exercise sup-
portive effect of braces to taped or unsupported ankles have
had pretesting activity limited to between 4 and 20 min-
utes, 2679117131824 1 v1618 reported that both tape and the
Swede-O brace lost support after 13 minutes of exercise.
Myburgh et al** showed that tape offered significantly more
support than the Ace and Futuro elastic ankle braces after 10
minutes of squash. However, after 60 minutes, neither tape nor
the braces offered any significant support.

In a study using an anatomically correct polyurethane foot
form, tape was shown to restrict pre-exercise ankle motion
significantly more than the Swede-O and Mikros braces. After
20 minutes of movement, no significant difference in residual
support was seen between the two braces and tape.> We
concurred that tape and braces offer preactivity support in all
directions of ankle movement compared to untaped ankles, and
increased ankle ROMs were reported after varying durations of
activity.

Similarly, after 20 minutes of exercise, Gross et al'° reported
that, although taped ankles provided greater inversion support
pre-exercise compared to the Ankle Ligament Protector brace,
the two support systems provided equivalent eversion and
inversion restriction following exercise. Others’ found that the
Ankle Ligament Protector brace retained significantly more
inversion/eversion support compared to untaped ankles after 20
minutes of exercise. We found that tape and the Swede-O and
SubTalar Support braces significantly decreased inversion
ROM support after 15 minutes, with the SubTalar Support
brace losing significantly more after 30 minutes. We also
found tape to lose significant eversion support after 15 minutes
and the Swede-O to lose after only 60 minutes. However, the
SubTalar Support brace did not appear to lose any eversion
support. Recent studies report similar comparisons to tape with
the Ankle Ligament Protector and Air-Support braces® and the
Air-Support, Ankle Ligament Protector, Swede-O, and Kal-
lassy braces.! The latter study also determined that the Air-
Support and Ankle Ligament Protector offered significantly
more support than the Swede-O and Kallassy braces after 10
minutes of exercise.

Table 1. Mean and Standard Deviation Values for the Different Ankle Braces at Each Level of Exercise in All Directions of Movement

Brace Direction Unsupported min 0 min 15 min 30 min 45 min 60
Inversion 443 + 58 32.0+5.2 343*49 346 46 35.1+43 35.7 = 41
Swede-O Eversion 355+73 236 *+7.6 243 +72 247+ 71 253 +6.8 26.1 = 6.8
Plantar Flexion 44.8 + 6.1 27.56 + 6.1 29.0 £ 59 29.7 £ 5.7 30.5 +5.9 30.8 = 5.9
Dorsiflexion 259 10 20.3 + 91 21.6 = 8.6 20.2 * 8.1 212+ 8.4 212+ 86
Inversion 444 + 741 32.1 £ 6.3 36.3 = 6.8 37957 37.6 £ 6.5 38.7 =59
SubTalar Support Eversion 36.2 6.5 319+71 316 6.9 318 £ 6.7 32.6 + 6.6 324 +6.6
Plantar Flexion 442 + 72 32.0 = 8.8 342+ 77 35.0 + 8.2 35578 35.7+7.6
Dorsiflexion 25.7 =10 25.0 +9.2 23.7 9.2 23.6 = 8.9 247 +9.9 239 + 9.4
Inversion 415+ 8.2 28.7 + 6.9 325 *+ 6.6 33,5+ 6.5 34272 35.2 + 8.0
Tape Eversion 36.1 = 7.3 248 +6.3 27.0+6.3 279 + 6.7 29.1 £ 6.2 29.3 +6.4
Plantar Flexion 450+ 7.0 25.6 +5.9 28.0 =58 29959 31752 325+ 56
Dorsiflexion 249 =10 18.6 = 8.3 19.2 + 8.0 19.1 = 7.8 205+ 7.7 202 *+7.7
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Table 2. ANOVA Repeated Measures Table for Brace by Time of
Exercise. A Summary of the Significant F Values Are Reported
for All Directions of Movement

Gehlsen® reported significant increases in postactivity plan-
tarflexion restraint with the Active Ankle, Aircast, and
Swede-O braces and dorsiflexion support with the Aircast and

. ' Plantar o Swede-O braces when compared to taped ankles. Others have

Source Inversion  Eversion  Flexion  Dorsiflexion  ghown that the Aircast brace!' and both the Aircast and

Main Effects Swede-O braces'*?! retained more postexercise ankle inver-
brace 1.71t 4651t 1161t 21.60t sion support than tape. We had similar findings in that tape lost
time 10121 123.11  364.91 23.221 significant plantarflexion support after 15 minutes of activity
brace X time 2.947§ 16.77§  14.35§ 6.094§ d further 1 t int Is of 30. 45 d 60 minutes. W

Interaction Contrasts and further losses at intervals of 30, 45, an minutes. We
Un vs Time 0 min 83.48t 2285t  566.71 32,681 also found that the SubTalar Support brace lost significant
Time 0 vs 15 min 182.21 6.685*  35.06t — plantarflexion support at 15 minutes, whereas the Swede-O
Time 15vs 30 min  12.14§ — 2079 — brace did not reduce in support until 30 minutes postactivity. In
Time 30 vs 45 min » 7.206" 24831 8.395¢ a comparison of braces over a prolonged period of activity,
Time 45 vs 60 min 6.457* 7.378" . 1.8 .

Swede-O Contrasts Greene & Wight® found that, although the Air-Support lost
Unvs Time Omin  149.5t 179.4t  307.2t 29.49t some support and the Swede-O brace’s support reduced sig-
Time 0 vs 15 min 16.201 — - nificantly during a 90-minute softball practice, the Ankle
Time 0 vs 30 min — 10.01# Ligament Protector had no significant loss.

Time 0 vs 60 min 18317 Figure 4 shows percentage changes in inversion, eversion,

SubTalar Support Contrasts . R . .

Un vs Time O min 9620t 30111 1382t 1151 ns  Plantarflexion, and dorsiflexion ROMs with Swede-O and
Time 0 vs 15 min 42.051 21.58t SubTalar Support braces and nonelastic adhesive tape during
Time 15vs 30 min ~ 13.38§ extended activity periods. We found reduced movements under

Tase Cor;}rastz ) 12571 3138t 4704t sa.62t preactivity (0 minutes) support conditions ranged from 88.1%

nvs lime O min . . K . .
Time 0 vs 15 min 33.601 2279t 1560t gSubTalar Support eversion ROM) to 56.9% (Ta}pe plantarflex-
Time 0 vs 45 min — 8.384% ion ROM) of the unsupported ankle ROM, which represented
Time 15 vs 30 min 24.41% the control movement of 100%. Our data are supported in the
Time 30 vs 45 min 33.37¢ literature.®%!2 The reductions were significant between unsup-
Time 45 vs 60 min 9.803# ported ankles and all preactivity support conditions for all

1 level of significance at p < .000 actions with the exception of SubTalar Support braced dorsi-

§ level of significance at p < .001 flexion. Similar preactivity reductions have been recorded for

# level of significance at p < .005 tape®! and braces. '

1 level of significance at p < .01 P ' L. . L.

* level of significance at p < .05 In our study, postactivity ROM increased at certain times

ns nonsignificant during activity, and under varying support conditons. An

increase in ankle ROM was analagous to a decrease in the
support offered by the braces and tape. Significant eversion
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Fig 4. Percentage changes in ROM under Swede-O, SubTalar Support, and taped support conditions over extended activity periods.
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ROM increases (8.8%) were limited to taped ankles within 15
minutes, and Swede-O braced ankles (10.5%) after 60 minutes
postactivity. We found no significant postactivity increase in
eversion ROM for the SubTalar Support-braced ankles
throughout the study. This is contrary to two studies that
showed significant increases in eversion ROM for taped and
various braced ankles.”!? Taped ankle dorsiflexion ROMs
significantly increased (10.2%) at 45 minutes in our study. We
suggest that activity sessions did not produce stress sufficient
enough to further reduce the residual support effects in
eversion and dorsiflexion. This may be due to anatomical
considerations in that the talocrural joint is at its most stable
(close-packed) position in dorsiflexion.!® Similarly, eversion
may not have been overly manifested in the present study, as
excessive movement is usually associated with medial liga-
ment disruption.”® We remind the reader that all subjects had
nonpathological ankles.

We found increased ROM during inversion and plantarflex-
ion postactivity compared with preactivity support conditions.
This was expected, as the literature has stated that ankles are in
a vulnerable position when inverted, with 85% of ankle injuries
being of the inversion type.'” The ankle is at an even greater
risk to inversion trauma when positioned in plantarflex-
ion.4’17’28

Initial postactivity increases in plantarflexion ROM were
significant while wearing the SubTalar Support (6.8%) and
Swede-O (8.0%) braces at 15 and 30 minutes, respectively.
Taped ankles increased in plantarflexion ROM (9.3%) at 15
minutes, but also recorded significant increases between each
of the subsequent 15-minute intervals of 30, 45, and 60 minutes
(Table 2). Similar initial percentage increases were reported for
all ankles under the three supportive devices. The Swede-O
brace did not lose support in plantarflexion ROM until 30
minutes postactivity, whereas the SubTalar Support brace
reduced less, but significantly so, by 15 minutes postactivity.
On the other hand, we found tape lost the greatest amount of
plantarflexion ROM support after the initial 15 minutes, and it
appeared to lose support consistently throughout the remaining
activity sessions. Previous studies have also reported reduced
postactivity support with tape.>>!

Of the following significant reductions, tape reduced preac-
tivity ankle plantarflexion ROM to 56.9% of unsupported
measurement compared to that Swede-O (38.6%) and SubTalar
Support (27.6%) braces. However, by 60 minutes postactivity,
taped ankles recorded a greater plantarflexion ROM increase
(26.9%) than those with the Swede-O (12.0%) and SubTalar
Support (11.5%) braces compared to preactivity support. These
data reflect the early reduction in taped ankle support reported
by Bunch.?

Even though the data reported the increased plantarflexion
ROMs at 60 minutes postactivity as significant, the question
we pose is whether or not approximately 73% (tape) to 88%
(Swede-O and SubTalar Support) residual postactivity plantar-
flexion support is still beneficial when compared to preactivity
support. The answer may be found in the fact that the initial
unsupported preactivity plantarflexion ROM was still signifi-
cantly reduced by the Swede-O brace (31.3%), tape (27.8%),
and the SubTalar Support brace (19.3%) at 60 minutes postac-

tivity. Therefore, as the ankle joint is more susceptible to injury
in a plantarflexed position,”® supportive devices such as
nonelastic adhesive athletic tape and commercially available
ankle braces may resist movements caused by activity stress.

Compared to preactivity conditions, inversion ROM signif-
icantly increased after 15 minutes postactivity under support
conditions of Swede-O (7.1%) and SubTalar Support (13.0%)
braced and taped (13.2%) ankles. At 30 minutes, we found that
the SubTalar Support-braced ankles recorded a further signif-
icant inversion ROM increase (4.4%) beyond 15 minutes
postactivity. Although ankles under the three support condi-
tions showed significant inversion ROM increases at 60
minutes postactivity, those with tape (22.6%) and the SubTalar
Support brace (20.5%) appeared to offer greater inversion
ROM increases than did those with the Swede-O brace
(11.5%), when compared to preactivity scores. Similarly, at 60
minutes postactivity, the Swede-O braced ankles retained a
greater inversion ROM reduction (19.4%) than did tape
(15.1%) and the SubTalar Support brace (12.8%) when com-
pared to preactivity unsupported ankles. These results differed
from past studies where exercise was shown to have no
significant effect on braced ankle inversion ROM.>'?

The question is whether or not the above percentages of
support retention would be significant in reducing ankle
injuries. We feel that the initial stretch of the new brace
material or gradual easing of the laces may have caused the
Swede-O to lose some support. It also may have retained more
support than the SubTalar Support brace due to some residual
slippage of the SubTalar Support neoprene cuff on the socks.
We did not detect any tearing of the tape; however, the increase
of movement may have been from perspiration caused by the
tape underwrap. We used a longer activity time to stress the
support conditions than others in the literature. We feel that the
activity sessions could have been even more rigorous to
realistically represent stresses imparted to the ankle during
sports.

In summary, at 60 minutes postactivity we found both the
Swede-O and SubTalar Support braced ankles performed
similarly in plantarflexion ROM, compared with those taped
which showed a greater increase in plantarflexion ROM over
preactivity support. Inversion ROM of Swede-O braced ankles
also appeared to increase the least at both 15 and 60 minutes
postactivity compared to those wearing the SubTalar Support
and tape, both of which reported similar inversion ROM
results. The Swede-O also retained the most amount of
eversion support (81.1%) after 60 minutes.

CONCLUSIONS AND RECOMMENDATIONS

We conclude that the Swede-O and SubTalar Support braces
and tape offer significant preactivity ankle support in all four
directions of movement. Given that the three support condi-
tions offered varying amounts of postactivity residual support,
we conclude that both braces offer longer postactivity support
than tape. In inversion ROM and plantarflexion ROM, preva-
lent mechanisms for ankle sprains, the Swede-O retained
support longer than did the SubTalar Support brace.
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We recommend that both braces be tightened within 5 to 10
minutes of the start of activity. This may further enhance the
performance of the Swede-O brace in all ROMs, and the
SubTalar Support brace in inversion and, possibly, plantarflex-
ion (Fig 4). In a sport setting, an athlete could easily retighten
each brace during halftime, between periods, or between shifts.
A similar readjustment would not be possible for taped ankles,
as shoes and socks would have to be removed, and a trainer and
table or bench would have to be readily available. We
recommend further study to compare support of braces that
have been retightened shortly after the onset of activity to that
of tape that has not been adjusted after it was initially
administered.

We felt that the 9-kg weight applied to passively move the
ankle into respective end ROMs may not have been close
enough to normal pressures imparted during activity. We
suggest that future research investigating ankle support over
prolonged periods of activity have increased forces applied to
the brace, and that each subject actively move the ankle to the
end ROMs.

The administration of both tape and selected commercial
braces offer varying amounts of postactivity ankle support
without compromising lower leg strength.?® However, athletic
trainers may consider purchasing specific braces for their
athletes, as they appear to offer as much, or more, postactivity
support to the ankle than does tape. In addition to providing
residual support to the athlete’s ankle, the use of braces could
offer reduced budgetary costs to the team or institution.?
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